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Multiple Layers: Dix Equation

The Dix Equation

A second option was derived by C. Hewitt Dix (1955). Dix demonstrated that in a case
where there are n horizontal beds, travel-times can be related to actual paths traversed by
employing a special velocity value known as the root-mean-square velocity V. In the gen-
eral case where there arc n horizontal beds and Ay, is the one-way vertical travel-time
through bed , the Dix equation states that

V2, = (4-8)

For example, if we want (o determine the rms velocity to the second in a series of
reflecting interfaces, we expand Eq. 4-8 to arrive at
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_ (van + Ay o)
An, + A

Vims
Careful inspection of Eq. 4-9 should lead to an understanding of why this velocity is termed
the root-mean-square velocity.

Although we soon will sce that the Dix equation provides very good results, note that
it is an approximation and assumes that source-receiver distances are kept small relative to
the distances to reflecting interfaces.

Dix Equation: Velocities

s (*10)

v,

‘We begin with Eq. 4-8. Given n reflecting horizons, let Vs, represent the rms veloci-
ty to the nth reflector and let V,,, .represent the rms velocity to the (n-1)st reflector. Then

Svea
Vid, = & @11
S an
and
Vi, S = S, @12

Next we expand the summation on the right of the equal sign in Eq. 4-12 and write an equa-

tion for Vi,
. w
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Al that i left is to recast Eq. 4-16 into a form that uses quantities directly obtainable from
an #* -  diagram. Remembering that A, is the one-way vertical travel-time through bed i
and that 1, is the two-way vertical travel time from reflector n (at +* = 0 on an * - 1, dia-
‘gram), we can write

S AL = A+ A+ A
-

o+ (1o, - t0) + (10, - to,)-o @17
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and also,
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or
Vi = Vi
v vy fo, ~ Vemey oy fo, (4-20)
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Example

. :
v o Veblo -V,
P =

foy, — fo,

e o (48 m/s)’ (0.22561 s) — (2182 m/s)’ (0. 14667 s)
N (0.22561 s — 0.14667 s)

V; = 3569 m/s

In many presentations of determining interval velocities the subscripts L for lower and U
for upper are substituted for n and 7 - 1. Here lower is synonymous with deeper, and upper
is synonymous with shallower. Equation 4-20 then becomes

Vige, 1.

ms, o,

V,
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Determine Thickness

Once we have interval velocities in hand, calculating thicknesses is trivial. Because travel
time equals path distance divided by velocity, vertical thickness (h,) is equal to velocity
times the one-way vertical travel time, or

(4-22)

If we use this equation to find the thickness of the third unit in our three-unit sequence of

Figure 4-13, we have
to,
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Iy = (3569 m/s) ( 141 m

More Dix Method
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Flgure 414 Reflection my paths for source-receiver offsets of 30 m. 60-m, and 120 m for

the mode] parameters noted in the disgram. A stright-line sxypath is shown fos the 3-m

offier.

TABLE 4-4_Reflection Time-Distance Values for Refracted Ray Paths in a Multi Sequence

Increment (m) 0.0 Velocity | ws) 400 Velocity 2 (ms) 1800 Velocity 3 (mis) 3500
‘Thickness 1 (m) 10 ‘Thickness 2 (m) 40 Thickness 3 (m) 0

Theta £ () XIR(m)  TIR(ms) Thetw2() X2R(m) TR (msy) Thetw3 () X3R(m)  T3R (ms)

050 017 50.00 225 33 94.48 438 485 10021
090 031 50.01 405 598 94.56 790 8.76 10033
130 045 50.01 5.86 8.66 94.69 1145 27 10052
170 059 50.02 7.67 13 94.87 15.04 1674 100.78
210 073 50.03 9.49 1 95.09 1870 20.87 10113
2.50 087 50.05 1132 1688 95.37 243 25.14 101.56
290 1ot 50.06 13.16 19.71 9571 2627 29.59 102.08
3.30 [BE} 50.08 15.01 260 96.10 3024 34.26 10271
370 129 50.10 16.88 25.57 96.55 3437 39.25 103.47
4.10 143 50.13 18.76 28.61 97.07 872 44.65 104.39
450 157 50.15 20.67 31.76 97.66 934 50.63 105.51
490 L7 50.18 2,60 35.02 98.32 48.35 51.51 106.92
530 185 50.21 24.56 38.41 99.08 5391 65.85 108.78
570 2.00 5025 26.54 41.96 99.93 6033 71.06 .47
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Errors in Green & Dix Solutions

TABLE 45 Comparison of Model Parameters with Green and Dix Selutions for Three

Geophone Spreads

- 1

Gireen Dix |

Paramelers Model 30 m f0m _ 120m  ¥m 6w 120m |
Velocity 1 {ms) 00 400 400 400 400 400 400
Velocity 2 (m's) 1800 2250 2293 211 1812 1839 1912
Velocity 3 {mvs) 3500 5254 5585 6529 3542 3736 4234
Thickness 1 {m) 10 10 0 10 10 0] 10
Thickness 2 (m) 40 50 51 - 40 41 43
Thickness 3 (m) 10 15 16 19 10 1 12

72’
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Field Seismogram
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Figure 4-17 _Ficld scismogram from the Conneeticut Valley, Massachusetts. Geophone
traces are labeled 1-12. The first geophone is located 60 m from the energy source. The
‘geophone interval is 3 m. Reflections selected for analysis are marked by arrows. Timing
lines are at 10-ms intervals. The record encompasses 200 ms. Note that the record begins
a50ms.

X2-t2 plot of field seismogram
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Figure 4-18 An ' plot and resubts of Dix analysis for reflections identified in Figare 4-17.

Dipping Layer: Travel-time Eqn.

Path distance is most casily derived by using the law of cosines:

@ = B+ - 2be (cos A) @)
here a, b, and c are the sides of the triangle and A is the angle opposite side a. Thus, for
e rangle in Figure 4-19,

(06)" = (EQ)' + (EG)' - 2(EQ)(EG) cos(%0 - B) (@24)

(QG) = (2j) + (x) - 2(24)(x) cos(90 — B)
(QG) = 4% + 2 = (4jx)cos(90 - B)

(06

Th travel-time expastion s bevumes

474 (4)x)sin B @25




Split Spread Array —Asymmetric

TABLE 4-6 Reflection Time-Distance Values for a Dipping Interface Using a Split-

Geophone Distance (m) Time (ms)

12 36 49.09
1 ) 4791
10 30 46.79

9 -27 4573 Velocity (n/s) 1500
8 - 44.74 Thickness (m) 30
7 -21 4381 Dip () 8
6 -8 42.96 Increment (x) (m)

5 15 4218

4 -12 41.49

3 -9 40.88

2 -6 40.36

1 -3 39.94 rzer0 (ms)

Source 0 39.61 +-min (ms)

1 3 39.38 x-min (m)

2 6 39.25

3 9 39.23

4 12 39.30

5 15 39.48

6 18 39.76

7 2 40.13

8 % 40.60

9 27 4117
10 30 41.82
1 £ 42.55
12 36 43.36
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Dip, Thickness, Velocity

If we differentiate Eq. 4-26 and set the result equal to zero, we can find the value of x (¥,y,)
for which the time term is a minimum. Accordingly,

2
dv—t=2!V1%=2x74jsinB
e

dt _ x-2jsinf ’
dx wv? =0 @28
and
Xoia = 2 sinf (4-29)

We now can find an expression for #,, by substituting Eq, 4-29 into Eq 4-26,

o 4% + (2jsin B)’ - 4j(2jsin B) sin B
7

Inin

4’ cos”
L= 2SR v B (4-30)
_2j cos B

i v (4-31)




Dip, Thickness, Velocity

Next we derive an expression for f,, which, since x = 0 at 1, also is easily produced from
Eq. 4-26.

=2

ty v (4-32)

If we have good data, we should be able to acquire values for #, and 7,,;, from a travel-time
curve. Realizing this and examining Egs. 4-31 and 4-32, it follows that

2j cos B

(4-33)

“-34)

Dip, Thickness, Velocity

or

B = cos ["r“—'"] 4-35)
o
Based on this derivation, the sign of 8 must be determined from the dip direction, which
should be clearly indicated on the travel-time curve,

Because we now know f3and can determine x,, in the same fashion we obtained f,.,,
Eq 4-29 supplies j.

- 4-36)
2 sin @-36)

Finally, we want to determine thickness, 4. From Figure 4-19 it follows that

i

h = 4-37)

I
cos B
At this point we have values for A, j, B, f,y, fo, and x,;,. Any of several of the preceding
equations can be used to determine V. The template in dynamic Table 4-7 labeled -min/r-0
takes care of the i tasks once the iate values are obtained from the
travel-time curve.

Dip, Thickness, Velocity

Because the line we produced in Figure 4-21 appears to bisect time valves for equiva-
lent distances from the source, let’s investigate the result of taking an average by summing

-38)

(4-39)

Edquation 4-39 is the same as Eq. 4-6, with the exception that § replaces k, which 1ells us that
an average of our time values at equivalent distances from the source can be used o deter-
mine velocity and the value of f.




Plot of Table 4.6 Data
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Return to NMO

Recall that the definition of NMO is the difference in reflection travel-times from a
horizontal reflecting surface due to variations in the source-geophone distance, or

Two = 1

(4-5)

Now let’s examine our basic travel-time equation once again so that we can express as
much as possible in terms of f,. For convenience in the development we will represent V, by
Vand h, by h.

¢+ an?)”
=t 4-1
* v @1
P S
Sty S th (4-40)
2,y 2 .
=== e (4-41)
o
2\
1= :“[1 + 7‘/’2‘, 1] 442
o
Accordirg 1o the generalized binomial thearem,
(+z)f = 1+az+ +
Sa if we sel
a = and o=
1
(4-43)

Examining the variahles within the parentheses, we see that we can ignore all but the first
wo terms, {f

(4-44)




Return to NMO

Recalling our chjective 1o express Ty, in terms of i, we see that since

Tow = =2z 4-45
S Ve (@-45)

However, we must keep in mind the conditions under which Eq. 445 s valid,
Equation 4-7 tells us that our former qualification

.
£ ocec
Vi,

is equivalent o saying
x
|
2k

Thuss, for Eq. 4-84 to be a useful approximation, hortsonta) distance divided by twice the
thickness must be much less than one.,

@i oo =3

Tao = -
MO 2V 8,

(4-47)

NMO Approx: 30-240 m
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Dip Normal Moveout (DMO)

T

Dip move-out (DMO) is the difference in travel-
tances position (x = 0) in asplit-spread geometry, or

Tovo =ty = L

T

Disance (m)

¢ to geophones at equal dis

(-48)
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DMO

{4-27)
(4-49)

(4-50)

(4-51)

45

Expanding Eq. 4-52, we have

2 _amsmBY (x i s |
T E: ;{ﬂ_-m}il HodpsinfY sy
(TS 1 3250 J

L o=

Once again, we take only the first two terms in the expansion, and, remembering that £, =
24V, we arrive at
2ix o
SLLY.ELV:A 4-54)

PR ./

4

DMO

When we developed the x*-1* average data method we summed reflection travel-time
equations for +x and -x cascs. However, recalling that we are developing a method to take
advantage of the availability of dip move-out which we defined in Eq. 4-48, we see that

(+x)* — 4j(+x)sin B
- (,ﬂ L (=X —4ix)sin B }

(4-55)

4jv

2xsin
Ty, = 25500 @-56)

and

B = sin ‘(— Vo ) @s7)

2x

We determine Ty for a selected x-value on our travel-time curve and V from an x* - £ plot.
This gives us f§ from Eq. 4-57 and j, and then A, from one of several equations presented

previously.
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